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M ore than 50 million people worldwide have epilepsy. 1 About two-thirds of them are well-controlled on 1 or 2 appropriately used antiepileptic drugs (AEDs). 2 One-third of patients with epilepsy remain refractory to medications, and experience seizures despite a complex regimen of multiple drugs. Some patients may be candidates for surgical interventions, either curative or palliative. Many times in clinical practice the question arises as to whether a patient is a candidate for withdrawing AEDs, either because the epilepsy is well-controlled medically or because the patient became seizure-free after surgery.
Withdrawing AEDs in a patient with chronic epilepsy has many implications. The main risk is that of seizure relapse, as highlighted by several studies 3 ; other than the potential harm related to the seizure itself, there also exists a small but not negligible possibility of developing refractory seizures. 4 Specific risk factors for seizure recurrence during AED withdrawal have been identified (table) . Moreover, a patient's ability to drive, operate equipment or power tools, or engage in certain daily life activities and sports may be hampered by a seizure relapse. It is unclear how much time of seizure freedom before initiating AED withdrawal decreases the chance of recurrence. On the other hand, withdrawing AEDs may have several beneficial implications: a reduction in side effects, 5 especially for patients on certain older medications, or those on polytherapy; a decrease in financial burden for both the individual and public health systems worldwide 1 ; and the advantage of not taking medications for women seeking pregnancy. 6 Despite a clear effect on society of the decision to withdraw AEDs, the evidence to guide this process is lacking.
Current evidence
When do you withdraw AEDs in patients with genetic generalized epilepsies (GGEs) who have experienced a seizure remission? GGE is the current terminology for idiopathic generalized epilepsy. 7 This broad group comprises several subtypes, some of which have childhood onset and persist into adulthood. Evidence to guide AED withdrawal in this population of patients is lacking, as the majority of available studies on AED discontinuation in patients managed medically include primarily individuals with focal epilepsies (FEs).
Juvenile myoclonic epilepsy (JME), a common form of GGE, accounts for up to 10% of all cases of epilepsy and is usually diagnosed in adolescence. Clinically, it is characterized by myoclonic seizures, generalized tonic-clonic seizures, and absences, 8 and seizures are often seen upon awakening. This condition is usually responsive to medications, but is traditionally considered lifelong; many expert commentaries support the concept of long-term treatment in these patients, based on a very high risk of relapse. 9 In a study of 186 patients, of the 92% who achieved remission, only 6 remained seizure-free without medication at a median follow-up of 14 years. 10 Other studies indicate that not all patients with JME experience a seizure recurrence or disabling seizures once off AEDs. A study followed 23 patients with JME for more than 20 years. 11 At the end of the follow-up, of the 48% patients (n 5 11) who were off AEDs, 6 were seizure-free, 3 had only myoclonus, and 2 had rare seizures. A cohort of 31 patients 12 was followed for at least 25 years and showed that 68% of patients (n 5 21) became seizure-free and AEDs were discontinued in 30% of them (n 5 6). Patients with photoparoxysmal response on EEG were found to have higher risk of recurrence. Another study on 66 patients 13 reported seizure freedom in 59% of patients; 28% of them (n 5 11) were off AEDs for more than 5 years at a median follow-up of 45 years.
Overall, the difference in outcome for patients with JME may be explained by the fact that this syndrome is heterogeneous and has considerable overlap with other forms of epilepsy such as generalized tonic-clonic seizures (GTCS) alone and childhood absence epilepsy. 14 A study 15 tried to identify risk factors for relapse after AED withdrawal in a cohort of patients with GGE; it included 17 patients with JME, 31 with childhood and juvenile absence epilepsy, and 10 with GTCS alone. GTCS and GTCS combined with myoclonic or absence seizures (hazard ratio [HR] 2.12; 95% confidence interval [CI] 1.13-4.3) and worsening interictal EEG during or after AED withdrawal (HR 4.00; 95% CI 1.39-11.5) were associated with increased risk of recurrence. When do you stop AEDs in patients with FEs of unknown cause? The majority of focal FEs are due to an underlying structural cause, such as mesial temporal lobe sclerosis or focal cortical dysplasia. Patients with these forms of FE are often referred to tertiary care centers for surgical evaluation and treatment. Discontinuation of AEDs after epilepsy surgery is the subject of a longstanding debate in the epilepsy community 16 and is discussed in the experts' interviews linked to this article.
FE of unknown cause comprises about one-quarter of all FEs. 17 It is widely accepted in the literature that the presence of focal seizures carries a higher risk of recurrence after AED withdrawal. 18 Most studies, though, describe a heterogeneous population of patients with localization-related epilepsy and do not exclude patients with a known cause (either structural or genetic) from their analysis.
Two randomized nonblinded studies on children with FE were included in a recent Cochrane review. 19 A total of 180 patients with focal seizures were randomized in early and late withdrawal groups. The first study had broad inclusion criteria and excluded only children with cerebral palsy, moderate to severe intellectual disability, or specific epileptic encephalopathies. 20 The second study included only children with unknown cause for the FE and normal EEG at the time of discontinuation of AEDs. 21 The conclusion was that the pooled risk ratio was 1.51 (95% CI 0.97-2.35, p 5 0.07), favoring late discontinuation (after at least 2 seizure-free years) of AEDs in children with FE.
The first randomized, double-blind, controlled trial of AED withdrawal in adult epilepsy patients who had been seizure-free for at least 2 years was done in Norway and published in 2008. 3 A total of 160 patients were randomized to AED withdrawal vs continuation. Patients with JME and GTCS alone were excluded from the trial and about three-quarters of patients had FE. About 70% of patients in each arm had unknown cause for their FE and none of the patients had had epilepsy surgery. Individuals were followed in the double-blinded period for 12 months or until seizure relapse; then, in the open phase, 89% who were in the AED continuation group were taken off medications and additional data on seizure recurrence were collected for a median of 47 months. The authors found that at the blinded 12-month follow-up, 7% of patients who were still on medications had a relapse, vs 15% of those who discontinued the AEDs (relative risk 2.46; 95% CI 0.85-7.08; p 5 0.095). They also observed a declining monthly risk of seizure recurrence in the combined group of patients who in the study or open phase discontinued their AEDs from 0.010 immediately after withdrawal to 0.003 at 36 months (95% CI 0.000-0.007). They concluded that if recurrence happens after discontinuation, it happens in the first 6-9 months and that at the 24-month follow-up the risk of relapse is similar for patients who withdrew AEDs during the study phase or afterwards during the open phase.
A longitudinal study analyzed 82 patients with childhood-onset cryptogenic FE, who had at least 5 years of follow-up. 22 AEDs were withdrawn in the majority of patients after at least 3 years of seizure freedom and only if the EEG did not show epileptiform discharges right before withdrawal. The overall relapse rate was low at 9.8% and did not correlate with the length of the seizure-free period before initiation of AED withdrawal. Multivariate analysis identified 2 risk factors for relapse: the time from the start of treatment to seizure control (HR 3.50; 95% CI 0.60-20.35) and age at onset of seizures greater than 6 years (HR 19.24; 95% CI 1.83-202.44).
Expert opinions
Three experts were asked to comment on the following questions, with no reference to a specific epilepsy type:
When do you stop AEDs after epilepsy surgery? 2. When do you stop AEDs in patients managed medically?
Expert opinion highlights (full interview summaries available as supplemental data at Neurology.org/cp):
Neurology.org/cp Gregory D. Cascino, MD, FAAN (United States) First we have to decide what the indications for withdrawal of AED therapy are. If the patient has AED-related side effects or is on polypharmacy, we may consider a reduction of AEDs as soon as several weeks after surgery. Before considering withdrawal of AEDs it is usually advisable to wait for at least 1 year, to ensure that the patient is really seizure-free and not just experiencing a reduction in seizure frequency. I typically wait about 2 years or even longer for AED discontinuation unless there is a strong compelling indication for an earlier termination in medical treatment. If patients have a history of multiple seizures, they are probably at higher risk of seizure recurrence compared to the general population for at least 2-5 years.
If we decide to pursue AED withdrawal, I usually taper the medication over several weeks.
I cannot emphasize this enough: my goal is no seizures, no side-effects, and no lifestyle limitations. Whatever accomplishes those 3 goals is the key to successful care.
Ley Sander, MD, PhD, FRCP (United Kingdom) If the patient for example is taking 3 drugs, we might want to discontinue 1 drug starting at 6 months after surgery. After that, maybe we would consider taking off the second drug after a year, and I would leave the patient on monotherapy for at least another year before we discuss what he or she wants to do. In summary, I would wait at least 6 months but most likely a year and I would always take the patient's wishes and willingness to take the risk of recurrence into account. I usually take into consideration the patient's perception of what drug has been less effective to start the process but I also consider in the equation that some older drugs, particularly enzyme inducers, may have worse side effects, and I may decide to taper off these medications first. For example, if a patient is on 1,000 mg of carbamazepine, I might start monthly decrements of 200 mg, and of course this will take a few months for the patient to come off the drug.
Ali A. Asadi-Pooya, MD (Iran) In low-income countries, it is very important to withdraw AEDs as soon as possible because of the costs. If a patient has been seizure-free for at least 1 year after surgery, with no clinical evidence of recurrent seizures, we can discuss the concept of AED withdrawal with the patient. It is an individualized decision, but it should be done soon, unless there is a clear reason not to come off medications. In patients on medical therapy, this decision has to be based on the specific epilepsy syndrome that the patient has: for example, if someone has JME, this is likely a lifelong condition and withdrawing AEDs may not be feasible. If you decide to withdraw AEDs, it is not uncommon to do it over the course of 2-4 months. If the patient is on polytherapy, a slow taper of 1 drug every 2-3 months is suggested. Being on multiple drugs is a risk factor for recurrence, so these patients are particularly challenging. I personally wean off one medication, wait a couple of years, then if the patient is seizure-free I try to discontinue all AEDs.
Preliminary survey results (October 7, 2016)
We collected 309 responses since September 13, 2016, with slightly more than half from the United States (n 5 157). Fifty-four percent (n 5 165) of survey takers identify themselves as neurophysiologists/epileptologists and the majority of all responders treat adults only (63%; n 5 195). There is no consensus as to when to taper AEDs after temporal lobectomy in a seizure-and aura-free patient: 25% (n 5 77) would start 1 year after surgery, 21% (n 5 64) would start 6 months after surgery, and 17% (n 5 54) would start after 2 years (figure). The reported goal for 63% of responders (n 5 195) is withdrawing all AEDs, as opposed to lifelong monotherapy for 34%.
The majority of responses about AED discontinuation in a patient with FE on unknown etiology and abnormal EEG favor waiting for 2 years of seizure freedom (47%; n 5 144) and obtaining a repeat EEG and waiting longer if not normalized (50%; n 5 119). While the majority do not recommend tapering AEDs in patients with JME (57%; n 5 175), it is interesting that 22% (n 5 67) would start the taper after 2 years of seizure freedom.
CONCLUSION
Discontinuation of AEDs is a controversial topic that has generated much attention in the epilepsy community over the last 20 years. The quality of the available evidence, however, remains low or absent.
There is never going to be a one-size-fits-all solution, considering the number of variables that come into play. In most cases, this remains primarily a decision driven by the underlying pathology and the patient's wishes.
Systematic reviews, meta-analyses, and practice recommendations 23 have analyzed different epilepsies treated medically and those treated surgically as a whole, but the individual studies often include heterogeneous populations and results may be difficult to interpret. In what specific epilepsies should the 2-year seizure freedom cutoff be used when considering AED withdrawal? Are there certain groups of patients for whom AEDs could be safely discontinued after only 1 year? These controversies highlight the need for studies of AED withdrawal in specific populations, such as patients with JME 11 or patients with FE of unknown cause. 
